PJWENT COOPERATION TREAT 



PCT/FI98/00061 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 

/ D/^T D, O 1 OX 

(rt I KUle D I .£} 


To: 

United States Patent and Trademark 
Office 

(BOX rt 1 ) 

Crystal Plaza 2 
Washington, DC 20231 
ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


Date of mailing {day/month/year) 
02 October 1998 (02 10 98) 




International application No. 
PCT/FI98/00061 


Applicant's or agent's file reference 
P1399 


International filing date (day/month/year) 
23 January 1998 (23.01.98) 


Priority date (day/month/year) 

14 February 1997 (14.02.97) 


Applicant 

HAAPANIEMI, Jukka et al 



1. The designated Office is hereby notified of its election made: 

| X | in the demand filed with the International Preliminary Examining Authority on: 

07 September 1998 (07.09.98) 

| | in a notice effecting later election filed with the International Bureau on: 



2. The election | X | was 

| | was not 

made before the expiration of 1 9 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 





Authorized officer 


The International Bureau of WIPO 


34, chemin des Colombettes 


Aino Metcalfe 


1211 Geneva 20, Switzerland 




Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 


Form PCT/IB/331 (July 1992) 


2263922 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spam 


LS 


AM 


Armenia 


FI 


Finland 


LT 


AT 


Austria 


FR 


France 


LU 


AU 


Australia 


GA 


Gabon 


LV 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


BB 


Barbados 


GH 


Ghana 


MG 


BE 


Belgium 


GN 


Guinea 


MK 


BF 


Burkina Faso 


GR 


Greece 


BG 


Bulgaria 


HU 


Hungary 


ML 


BJ 


Benin 


IE 


Ireland 


MN 


BR 


Brazil 


IL 


Israel 


MR 


BY 


Belarus 


IS 


Iceland 


MW 


CA 


Canada 


IT 


Italy 


MX 


CF 


Central African Republic 


JP 


Japan 


NE 


CG 


Congo 


KE 


Kenya 


NL 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


CM 


Cameroon 




Republic of Korea 


PL 


CN 


China 


KR 


Republic of Korea 


PT 


CU 


Cuba 


KZ 


Kazakstan 


RO 


CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


DE 


Germany 


LI 


Liechtenstein 


SD 


DK 


Denmark 


LK 


Sri Lanka 


SE 


EE 


Estonia 


LR 


Liberia 


SG 



Lesotho 


SI 


Slovenia 


Lithuania 


SK 


Slovakia 


Luxembourg 


SN 


Senegal 


Latvia 


sz 


Swaziland 


Monaco 


TD 


Chad 


Republic of Moldova 


TG 


Togo 


Madagascar 


TJ 


Tajikistan 


The former Yugoslav 


TM 


Turkmenistan 


Republic of Macedonia 


TR 


Turkey 


Mali 


TT 


Trinidad and Tobago 


Mongolia 


UA 


Ukraine 


Mauritania 


UG 


Uganda 


Malawi 


US 


United States of America 


Mexico 


UZ 


Uzbekistan 


Niger 


VN 


Viet Nam 


Netherlands 


YU 


Yugoslavia 


Norway 


zw 


Zimbabwe 



New Zealand 
Poland 
Portugal 
Romania 

Russian Federation 

Sudan 

Sweden 

Singapore 



WO 98/35825 PC17FI98/00061 



A STRUCTURAL PLY OF A PAPERBOARD CORE, A PAPERBOARD CORE 
MADE THEREOF, AND A METHOD OF IMPROVING THE STIFFNESS OF A 
PAPERBOARD CORE 



The present invention relates to a structural ply of a 
paperboarci core, in accordance with the preamble of claim 
1. The invention also relates to a spiral core comprising 
such a structural ply. Further, it relates to a method of 
improving the stiffness of a spiral paperboard core. 

A spiral paperboard core is made up of a plurality of 
superimposed plies of paperboard by winding, glueing, and 
drying such. 



15 Webs produced in the paper, film, and textile industries 
are usually reeled on cores for rolls. Cores made from 
paperboard, especially spiral cores are manufactured by 
glueing plies of paperboard one on top of the other and by 
winding them spirally in a special spiral machine. The 

20 width, thickness, and number of paperboard plies needed to 
form a core vary depending on the dimensions and strength 
requirements of the core to be manufactured. Typically, 
the ply width is 50 to 250 mm (in special cases about 500 
mm), ply thickness about 0.2 to 1.2 mm, and the number of 

25 plies about 3 to 30 (in special cases about 50) . The 
strength of a paperboard ply varies to comply with the 
strength requirement of the core. As a general rule, 
increasing the strength of a paperboard ply also increases 
its price. Generally speaking, it is therefore true to 

30 say that the stronger the core, the more expensive it is. 



Paper reels used on printing presses are formed on a 
winding core. Almost always this winding core is a 
spirally wound paperboard core. In high efficiency print- 
35 ing presses, there is effected a so-called flying reel 
change towards the end of unwinding, i.e., the web for a 
new paper reel is joined at full speed to the web which 
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has been nearly unwound. A sufficiently firm and stiff 
core is a highly essential factor for the flying reel 
change to be successful. 

5 Printing presses typically use cores of two sizes. The 
most usual core size has the inside diameter of 7 6 mm and 
the wall thickness of 13 or 15 mm. Today, the widest and 
fastest printing presses use cores with the inside dia- 
meter of 150 mm and the wall thickness of 13 mm. At the 

10 reel change, the minimum thickness of paper on the core is 
about 3 to 8 mm. If the core is not stiff enough, even 
much more paper has to be left thereon. Paperboard cores 
used at printing presses are typical cores of the paper 
industry, i.e., they are thick-walled, the wall thickness 

15 H being 10 mm or more and the inside diameter of the core 
being over 70 mm. Cores for the paper industry have to be 
thick-walled, i.e., the wall thickness has to be about 10 
mm or more, e.g., in order to enable them to be clamped by 
chucks (chuck expansion) and in order to enable formation 

20 of a nip between the core surface and a backing roll, for 
the paper web to be reeled. Especially, the geometry of 
slitter-winders calls for a sufficient wall thickness of 
the cores, which is in practice 10 mm or more. Typically, 
such paper industry cores are used if the windingVunwind- 

25 ing speeds are at least about 200 m/min ( = 3.3 m/s) . 

If and, in practical circumstances, when the web speed of 
the printing press is not reduced for the reel change and 
when the size, i.e., the diameter of the paper reel dim- 
30 inishes during unwinding thereof, the speed of rotation of 
the diminishing reel increases to a considerably high 
rate . 

The tendency has been towards wider and wider as well as 
35 faster and faster printing presses. Transferring to wide 
printing presses, i.e., those with long cores, and high 
running speeds, may result in that the rest reel, i.e., 



WO 98/35825 



PCT/FI98/00061 



3 

the paperboard core + the paper web to be left thereon, 
will get into its natural vibration range during the reel 
change, consequently shaking. This may lead to a costly 
web break or even to an explosion of the rest reel into 
5 pieces, thereby causing an extreme safety risk. 

Such a situation is typical to wide and fast rotogravure 
presses. Rotogravure printing is a highly efficient prin- 
ting mode, utilizing wide and fast printing presses and 

10 big reels. Also the fastest and widest catalogue presses 
may end up in a similar situation. With catalogue presses, 
this is partly also due to the fact that the stiffness 
factor of the paper roll supporting system, dependent on 
the chucks, is usually weaker than in high efficiency 

15 rotogravure presses. 



In rotogravure presses, where the stability problem in 
unwinding is current, conditions are typically as follows. 

With 2.45 m wide printing presses, cores with inside diam- 
eter of 76 mm are used. In special cases, when usually a 
larger amount of produced paper is required, printing 
presses of at most 2.65 m in width can be used together 
with cores having the inside diameter of 7 6 mm. If the 
rest reel were run near to the usual minimum amount of 
residual paper with these running parameters, the safety 
factor as to getting into the vibration range would be 
absolutely too small. In order that safe handling of the 
rest reel can be ensured, the amount of residual paper has 
to be grown from the earlier minimum of about 3 - 8 mm to 
as much as 15 mm. This naturally causes a great economic 
loss in form of wasted paper. The web speed at printing is 
here about 14 m/s. 



When the inside diameter of the core is 150 mm, the pri- 
nting press widths usually exceed the above values (cores 
having the inside diameter of 150 mm are, however, 
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25 
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applicable with the above printing press widths) . The 
printing press widths are typically 3.08 m, 3.18 m, or 
3.28 m. The printing speeds with these machines are the 
same as mentioned above. 

The new generation of rotogravure presses will again be 
wider and faster than before, estimates of a combination 
of width and web speed of 3.68 m and 16 m/s or alterna- 
tively 3.08 m and 20 m/s or 3.18 m and 25 m/s have been 
presented. By early 1997, however, such new generation 
rotogravure presses have not yet been manufactured. 

In the widest printing presses, which require a wider/ 
faster web, the inside diameter of the core has been 
changed to 150 mm in order to solve the vibration problem. 
So far, this arrangement has functioned well. Now, the 
same problem as with earlier machines, until transferring 
to 150 mm cores, will be faced again with the running 
parameters of the new machines being designed. In other 
words, the risky range of natural vibration of the rest 
reel will be entered again. 

For this reason, the stiffness of the core has to be grown 
in one way or another, in order that an increase in the 
inside diameter of the core could be avoided. The ar- 
rangement of increasing the inside diameter of the core 
has been considered a most undesirable solution in the 
production chain. 



As discussed above, a spiral paperboard core is manufac- 
tured by winding narrow paperboard plies spirally around a 
mandrel. The paperboard of which the plies to be wound are 
cut off has been manufactured with a board machine. The 
selection of the interior and exterior plies of the core 
35 is usually (not always) based on other grounds than the 
selection of the structural plies. Therefore, the 
strength properties of the interior and exterior plies are 
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not often the same as those of other plies of the core. 
These other plies, usually located between the outer plies 
of the core, are called structural plies because their 
properties determine the final strength and quality class 
5 and other properties of the core. In those cases in which 
the end use of the core does not set any special demands 
on the exterior or interior plies (or under-exterior plies 
attached to them) , the entire core may be constructed of 
these above-identified structural plies. In manufacturing 

10 of paperboard, it is an ambition to get its strength prop- 
erties as homogeneous as possible. So-called squareness is 
the term used in this ' context, and its theoretical low 
limit, which is 1, is striven for. The longitudinal ( = 
machine direction) strength of square paperboard as well 

15 as its elasticity modulus are the same as its 
corresponding values in the cross machine direction. In 
board machine arrangements of prior art, paperboard is, 
however, essentially stronger in the machine direction 
(typically 1.6 - 2.7 times stronger) than in the cross 

20 machine direction. This applies to the elasticity modulus 
of paperboard as well. As to the core stiffness, the axial 
stiffness factor of the core is determining. Due to the 
structure of a spirally wound core, the stiffness factor 
of paperboard in the machine direction (bigger) becomes 

25 more or less circumferential and the stiffness factor of 
paperboard in the cross machine direction (smaller) more 
or less axial. 

By optimizing the ratio of paperboard in the machine 
30 direction to paperboard in the cross machine direction and 
by adjusting the structure of a spirally wound core (wind- 
ing angles), it is possible to influence on the situation 
to some extent. However, with conventional board machines 
and conventional spiral machines, the chances are quite 
35 limited, and not adequate for solving the problem. 



Rotogravure cores are divided into two categories in 
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accordance with their strength requirement, i.e., into a 
lower and a higher strength class. The elasticity moduli 
of conventional rotogravure cores of the lower strength 
class are on the level of 3300 to 4000 MPa. The elasticity 
5 moduli of commercial grades made from conventional 
materials but belonging to the higher strength class are 
on the level of 4200 to 4800 MPa. With special measures, 
these values can be marginally exceeded. The reel weights 
and printing press widths in rotogravure presses determine 
10 from which of the two strength classes paperboard cores 
are selected. 

The levels of elasticity moduli of the raw materials for 
the core are dependent on the raw material for the 

15 paperboard ply to be used, on the manufacturing method, 
and on the orientation ratio (strength parameters of the 
ratio of paperboard in the machine direction -to paperboard 
in the cross machine direction) . The elasticity moduli of 
typical paperboard materials for rotogravure cores, which 

20 have expedient squareness, are about 6000 MPa in the* 
machine direction and about 3000 MPa in the cross machine 
direction in the lower strength class. The corresponding 
values for the higher strength class materials are about 
6500 to 7500 MPa in the machine direction and about 3500 

25 to 4000 MPa in the cross machine direction. 

An object of the present invention is to provide a struc- 
tural ply of a novel type and improved applicability for a 
spiral paperboard core. Another object of the present 

30 invention is to provide a spiral paperboard core compris- 
ing at least one such structural ply and having improved 
strength properties. As the structural plies in accord- 
ance of the invention are superior to prior art structural 
plies, it is worthwhile optimizing their share of the core 

35 wall thickness and location in the core wall. As discussed 
above, the quality class of the raw materials for cores 
and consequently also the quality class of cores goes hand 
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in hand with the price paid/received for them. 

A still further object of the present invention is to 
solve problems related to presently used spiral cores dis- 
5 cussed above, and to provide a spiral paperboard core, 
which meets e.g. the strength requirements of cores, set 
by the running parameters of new printing presses. The 
arrangements according to the present invention are also 
applicable to other places where especially high stiffness 
10 is required. 

These objects are achieved with the arrangements in ac- 
cordance with the accompanying claims. 

15 Based on tests we have performed, we have found that 
sufficiently strong cores are provided for printing 
presses of the new generation, and cores stronger than 
before are provided for existing printing presses when, in 
accordance with the present invention, the cross machine 

20 direction (CD) elasticity modulus E of a structural ply of 
a spiral paperboard core is substantially higher than 4500 
MPa. Further, the machine direction (MD) elasticity 
modulus E of the structural ply is preferably 
substantially higher than 7500 MPa. 

25 

These new type paperboard cores of the present invention 
can be manufactured by using, either solely or partly, 
structural plies in accordance with the invention. The 
paperboard for these structural plies is manufactured, 
30 e.g., by what is called a press drying method. 

Paperboard based on press drying can be manufactured by a 
board machine, utilizing a prior art process called 
Condebelt. Structural plies manufactured with other appr- 
35 opriate methods and meeting the strength requirements 
according to the invention can also be utilized in con- 
structing a paperboard core. 
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As press drying is an efficient process, it is possible to 
increase the elasticity moduli of structural plies by that 
method, and the machine direction elasticity modulus of 
5 the above-mentioned structural plies of a rotogravure core 
of the lower strength class can be raised to a level of at 
least about 7500 - 10000 MPa, and with winding angles of 
15 to 35° which are usually used, the elasticity modulus 
in the cross machine direction, which is very important, 

10 can be raised to a level of about 4500 - 5000 MPa. For 
example, the test result showing the elasticity modulus of 
4800 MPa in the cross machine direction represents a 
fairly high standard in this strength class. As to cores 
of the higher strength level in accordance with the 

15 present invention, they correspond to the higher or better 
strength level of rotogravure cores." When structural plies 
according to the invention and manufactured from the 
better quality press drying material (e.g., with the so- 
called Condebelt method) are used, the machine direction 

20 elasticity modulus can be raised to a level of about 10000 
- 12000 MPa, and the elasticity modulus in the cross 
machine direction to a level of about 5000 - 8000 MPa. 
Test results showing, e.g., the levels of structural ply 
elasticity moduli of 5500 MPa and 6500 MPa in the cross 

25 machine direction represent a fairly high standard in this 
strength class. 

Use of the new structural ply as described in the inven- 
tion meets the stiffness requirement of cores to be used 
30 in rotogravure presses of the new generation without a 
need to change the core structure in any other way except 
for the raw material . 

Thus, the elasticity modulus of the cores of the presently 
35 used lower strength class cores can be raised to a level 
of at least about 5000 - 6000 MPa by utilizing arrange- 
ments of the invention. For example, a test result showing 
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the level of elasticity modulus of at least about 5500 MPa 
represents a fairly high standard in this strength class. 
The elasticity modulus of the higher strength class cores 
may be raised to a level of at least about 6000 - 6500 - 
5 7000 MPa and even higher, which is adequate for meeting 
the requirements set by the new generation of rotogravure 
presses . 

As can be seen, the values of the elasticity modulus of 
10 cores made up of paperboard plies according to the inven- 
tion well suffice for the strength requirements of the 
above-mentioned rotogravure presses. 

Use of paperboard cores according to the invention is not 
15 exclusively intended to the exemplified paperboard cores 
of the new generation of rotogravure presses. They may be 
used in every place where a higher stiffness is required 
of cores than usually. Such especially stiff cores are 
needed, for example, in rolling up carpets. Such carpet 
20 cores are subjected to especially long-lasting stresses 
because the carpet to be rolled around the core does not 
support the core, unlike e.g. in reeling paper. The inside 
diameter of the core can naturally be something else than 
the above-mentioned dimensions 7 6 and 150 mm, which are 
25 typical core diameters in rotogravure presses today. 

By employing arrangements of the present invention in 
manufacturing rotogravure cores, the use range of cores 
having the inside diameter of 76 mm can be safely extended 
30 towards rotogravure presses, which are faster and wider 
than today. Thus, the arrangements according to the pres- 
ent invention provide answers to the challenges brought by 
completely new rotogravure presses as well as improve the 
economy of existing rotogravure presses. 

35 

Press drying (e.g. Condebelt) materials mentioned above 
may also be used together with conventional core boards to 



WO 98/35825 



PCT/FI98/00061 



10 

provide a multigrade construction in situations where the 
elasticity modulus need not be quite as high and where it 
is desirable to save material due to either limited avail- 
ability or costs. In such cases, a structural ply having a 
5 high elasticity modulus is used, e.g., in places where 
strength is a strategic factor, and conventional, prior 
art structural plies of adequate competence are used else- 
where . 

10 The stiffness of a spirally wound multigrade paperboard 
core may be improved by constructing the core so that at 
least one of the structural plies is in accordance with 
the present invention, having the cross machine direction 
elasticity modulus of at least 4500 MPa. Further, it is 

15 especially advantageous that the machine direction elas- 
ticity modulus of the structural ply is at least 7500 MPa. 
Preferably, the share of structural plies in accordance 
with the invention is at least about 1/5 of the core wall 
thickness. Other potential structural plies may comply 

20 with prior art. As the structural plies of a paperboard 
core, in accordance with the invention, are superior to 
structural plies of prior art, it is worthwhile optimizing 
the share of the former of the core wall thickness as well 
as their location in the core wall. As discussed above, 

25 the quality class of core raw materials and consequently 
also the quality class of finished cores usually goes hand 
in hand with the price paid/received for them. Therefore, 
the optimization is well grounded both from the core 
manufacturer's and the customer's point of view. 

30 

A structural ply in accordance with the invention, a 
paperboard core made thereof, and a method of improving 
the stiffness of the paperboard core are described in 
greater detail in the following, by way of example, with 
35 reference to the accompanying drawings, in which 

Fig. 1 shows graphically, as a function of the winding 
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angle a/ elasticity modulus values for paperboard cores 
made up of different paperboard plies. 

Fig. 2 illustrates the definition of the winding angle ot/ 
and 

5 Fig. 3 illustrates the decreases in the inside diameter of 
a core, calculated with different winding angles a for two 
different types of paperboard. 

Fig. 1 enclosed is a graphical illustration, presented as 

10 a function of a winding angle a (average winding angle) , 
of elasticity modulus values of cores manufactured by 
using paperboard plies in accordance with the present 
invention, such cores being, e.g., rotogravure cores, used 
in the paper, film, and textile industries, said 

15 elasticity modulus values being compared with correspon- 
ding elasticity modulus values of prior art conventional 
cores of the higher strength class. As discussed above, 
with the winding angles of about 15 - 35°, which are 
usually used in spiral cores, the cross machine direction 

20 elasticity modulus is of highly essential effect on the 
total elasticity modulus of a finished spiral core. The 
definition of the winding angle a (average winding angle) 
of a paperboard ply, in connection with the present in- 
vention, is set forth in Fig. 2. The winding angle a 

25 (average winding angle) refers to the acute angle a 
between the direction transverse to the paperboard core 
axis and the edge of the paperboard ply. In Fig. 1, the 
three-point dashed line refers to a typical prior art 
rotogravure core of the lower strength class. The uniform 

30 dashed line again refers to a typical prior art rotogra- 
vure core of the higher strength class. In this core, the 
paperboard used as core material is as square as possible 
with regard to its orientation ratio, i.e., the numeric 
value of the orientation ratio is small. The dotted and 

35 dashed line refers to a rotogravure core constructed of 



WO 98/35825 



PCT/FI98/00061 



structural plies of the invention and the solid line to 
another rotogravure core made up of structural plies of 
the invention . 

5 When reeling thin films or yarns around a spirally wound 
paperboard core, the material to be reeled causes a radial 
compression stress on the core, the inside diameter of the 
core becoming subject to the compression which provides a 
deformation therein, i.e., a decrease in the inside diam- 

10 eter of the core. In practical situations, this causes 
problems with certain types of winding chucks, when the 
core tends to stick thereto. 

When reeling yarns around a spirally wound paperboard core 
15 or a yarn carrier, the reeling environment may still be 
wet, in practice. This adds to the tendency of the inside 
dimensions of the core to deform and the core to stick to 
the winding center. 

20 We have discovered that it is possible to considerably 
weaken the tendency of the inside diameter of the core to 
decrease, by using structural plies according to the 
invention in constructing such cores, as can be seen from 
the accompanying Fig. 3. 

25 

Fig. 3 shows the decreases of the inside diameter of the 
core, calculated for two different paperboard grades by 
using different winding angles a (average winding angle) . 
The orientation ratio of the paperboard commonly used 

30 today, which paperboard is marked with a circle, was about 
1.6 in the test. The machine direction (MD) elasticity 
modulus was about 7000 MPa and the cross machine direction 
(CD) elasticity modulus about 3000 MPa. The orientation 
ratio of the paperboard manufactured by press drying (e.g. 

35 Condebelt paperboard) , which paperboard is marked with a 
triangle, was about 1.8 in the test, and the machine 
direction (MD) elasticity modulus was about 11000 MPa, and 
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the cross machine direction (CD) elasticity modulus about 
6000 MPa. 



WO 98/35825 



PCT/FI98/00061 



14 

CLAIMS 

1. A structural ply of a paperboard core, characterized in 
that the cross machine direction (CD) elasticity modulus E 

5 of the structural ply is substantially higher than 4 500 
MPa. 

2. A structural ply as recited in claim 1, characterized 
in that the cross machine direction (CD) elasticity 

10 modulus E of the structural ply is higher than 4800 MPa 
and preferably higher than 5000 MPa. 

3. A structural ply as recited in claim 1, characterized 
in that the cross machine direction (CD) elasticity 

15 modulus E of the structural ply is higher than 5500 MPa, 
preferably higher than 6000 MPa, and more preferably over 
6500 MPa . 

4. A structural ply as recited in any of the preceding 
20 claims 1 to 3, characterized in that the machine direction 

(MD) elasticity modulus E of the structural ply is further 
substantially higher than 7500 MPa. 

5. A structural ply as recited in any of the preceding 
25 claims 1 to 3, characterized in that the machine direction 

(MD) elasticity modulus E of the structural ply is further 
substantially higher than 8000 MPa. 

6. A structural ply as recited in any of the claims 1 to 
30 5, characterized in that the structural ply is manufac- 
tured with a press drying method. 

7. A paperboard core comprising a structural ply as 
recited in any of the preceding claims, the elasticity 

35 modulus E of the paperboard core being at least 5000 MPa, 
preferably over 5500 MPa, more preferably over 6000 MPa. 



WO 98/35825 



PCT/FI98/00061 



8. A spirally wound paperboard core, characterized in that 
the paperboard core comprises structural plies, the cross 
machine direction (CD) elasticity modulus of at least one 
of which structural plies is over 4500 MPa, preferably 

5 over 5000 MPa, and the machine direction (MD) elasticity 
modulus at least 7500 MPa, preferably over 8000 MPa. 

9. A spirally wound paperboard core as recited in claim 8, 
characterized in that the paperboard core comprises 

10 structural plies, the total thickness of the structural 
plies being preferably at least 1/5 of the core wall 
thickness and the cross machine direction (CD) elasticity 
modulus of the structural plies being at least 4500 MPa, 
preferably over 5000 MPa, and the machine direction (MD) 

15 elasticity modulus of the structural plies being at least 
7800 MPa, preferably over 8000 MPa. 

10. A method of improving the stiffness of a spirally 
wound paperboard core, characterized in that the 

20 paperboard core is made up of structural plies, the cross 
machine direction (CD) elasticity modulus of at least one 
of which structural plies is at least 4500 MPa, preferably 
over 5000 MPa, and the machine direction (MD) elasticity 
modulus at least 7800 MPa, preferably over 8000 MPa. 

25 

11. A method as recited in claim 10, of improving the 
stiffness of a spirally wound paperboard core, character- 
ized in that the paperboard core is made up of structural 
plies the total thickness of the structural plies being 

30 preferably at least 1/5 of the core wall thickness and the 
cross machine direction (CD) elasticity modulus of the 
structural plies being at leat 4500 MPa, preferably over 
5000 MPa, and the machine direction (MD) elasticity 
modulus at least 7800 MPa, preferably over 8000 MPa. 

35 

12. A paperboard core as recited in any of the preceding 
claims 7 to 9, characterized in that the paperboard core 



*° 98/35825 PCT/FI98/00061 



16 

is made up of structural plies, the machine direction 
elasticity modulus of the structural plies being at least 
9000 MPa. 



13. Use of a paperboard core as recited in any of the 
claims 7 to 9 as a yarn carrier. 



14. Use of a paperboard core as recited in claim 12 as a 
yarn carrier. 

10 

15. Use of a paperboard core as recited in any of the 
claims 7 to 9 as a tube for thin films and foils. 

16. Use of a paperboard core as recited in claim 12 as a 
15 tube for thin films and foils. 

17. Use of a paperboard core as recited in claims 7 to 9 
or in claim 12 as a thick-walled paper industry core, the 
wall thickness H thereof being at least 10 mm and the 

20 inside diameter over 70 mm, such cores being used with 
unwinding/winding speeds of at least about 200 m/min (= 
3 . 3 m/s) . 



18. A core as recited in claims 7 to 9 or in claim 12, 
characterized in that the paperboard core is a thick- 
walled paper industry core, the wall thickness H thereof 
being at least 10 mm and the inside diameter over 70 mm, 
such cores being used with unwinding/winding speeds of at 
least about 200 m/min (= 3.3 m/s), the width of the 
paperboard ply located in the middle the core being 

- with cores having the inside diameter of 73 mm to 110 
mm, 

at least 185 mm, preferably over 210 mm, and more prefer- 
ably over 230 mm, 

- with cores having the inside diameter of 111 mm to 144 
mm, 

at least 205 mm, preferably over 210 mm, and more prefer- 
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ably over 230 mm, 

- with cores having the inside diameter of 145 mm to 180 
mm, 

at least 210 mm, preferably over 250 mm, and more prefer- 
5 ably 350 mm to 450 mm, 

- and with cores having the inside diameter of 181 mm to 
310 mm, 

at least 220 mm, preferably over 250 mm, and more prefer- 
ably 350 to 500 mm, but 



at most the maximum ply width L max of each core of a cer- 
tain width, where L ma * = ( K ) x (core diameter in the 
specific point) * 
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1 

KARTONKIHYLSYN RAKENNENAUHA , SIITA VALM 1ST ETTU KARTONKI- 
HYLSY JA MENETELMA KARTONKIHYLSYN JAYKKYYDEN PARANTAMISEK- 
SI 

5 Esilla olevan keksinnon kohteena on patenttivaatimuksen 1 

johdanto-osan mukainen kartonkisen kierrehylsyn raken- 
nenauha. Tallaisen rakennenauhan sisaltava kierrehylsy on 
myos keksinnon kohteena. Esilla oleva keksinto kohdistuu 
lisaksi menetelmaan kartonkisen kierrehylsyn jaykkyyden 
10 parantamiseksi . 

Kartonkinen kierrehylsy muodostetaan paallekkaisista kar- 
tonkinauhakerroksista kelaamalla, liimaamalla ja kuivaa- 
malla, 

Valmistettaessa rainoja paperi-, muovi- ja tekstiiliteol- 
lisuudessa ne rullataan yleensa rulliksi, jolloin rullaus- 
sydamena kaytetaan hylsya. Kartonkisia hylsyja, erityises- 
ti kierrehylsy ja, valmistetaan liimaamalla kartonkinauhoj a 
toistensa paalle kiertamalla ne spiraalimaisesti erityi- 
sessa hylsykoneessa. Hylsyyn kaytettavien kartonkinauhoj en 
leveydet, paksuudet ja lukumaarat vaihtelevat valmistetta- 
van hylsyn mittojen ja lujuusvaatimusten mukaan, ja nauha- 
leveys on tyypillisesti 50 - 250 mm (erityistapauksissa n. 
500 mm) , nauhapaksuus n. 0,2 - 1,2 mm ja nauhalukumaara n. 
3-30 kpl (erityistapauksissa n. 50 kpl) . Kartonkinauhan 
lujuus vaifitelee hylsylta vaadittavan lujuuden mukaan. 
PaSsaantoisest i kartonkinauhan lu j uuden kasvattaminen 
kasvattaa myos sen hintaa. Nain ollen pitaa yleisesti 
paikkansa toteamus, etta mita lujempi hylsy sita kalliimpi 
hylsy* 

Painokoneilla kaytettavat paperirullat valmistetaan 
rullauspohjan paalle. Tama rullauspohja on lahes aina kar- 
35 tonkinen kierrehylsy. Suuritehoisilla painokoneilla 
tyhjentyvalle paperirullalle tehdaan ns. lentava vaihto, 
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eli tyhjenevan rullan rataan liitetaan taydessa vauhdissa 
uuden paper irullan rata. Riittavan luja ja jaykka hylsy on 
erittain oleellinen tekija, jotta rullanvaihto talla ns. 
lentavalla vaihdolla onnistuu. 

5 

Painokoneilla hylsyt ovat tyypillisesti kahta kokoa. 
Yleisin koko on sisahalkaisi jaltaan n. 76 mm ja seinama- 
vahvuudeltaan 13 tai 15 mm. Leveimmilla ja nopeimmilla 
painokoneilla kaytetaan nykyaan hylsyja, joiden sisahal- 

10 kaisija on 150 mm ja seinamavahvuus 13 mm. Rullanvaihtoti- 
lanteessa hylsyn paalla on paperia minimissaan n. 3 - 
8 mm. Jollei hylsy ole tarpeeksi jaykka, joudutaan paperia 
jattamaan huomattavastikin enemman. Painokoneilla kaytet- 
tavat kartonkiset hylsyt ovat tyypillisia paperiteolli- 

15 suushylsyja, jotka paper iteollisuushylsyt ovat paksuseina- 
maisia, seinamanvahvuus H on 10 mm tai yli ja sisahal- 
kaisi j a yli 70 mm. Paperiteollisuushylsyt on konstruoitava 
seinamanvahvuudeltaan paksuiksi eli seinamanvahvuudeltaan 
n. 10-millimetriseksi tai yli, jotta mm. niiden istukka- 

20 kiinnitys (istukan paisunta) mahdollistuu ja jotta 
rullattavalle paperirainalle saadaan muodostettua nippi 
hylsyn pinnan ja vastatelan valiin. Erityisesti kiinnirul- 
lauslaitteiden ja pituusleikkureiden geometria vaatii 
hylsy Ita riittSvaa seinamSnvahvuutta, joka on kaytannossa 

25 10 mm tai yli. T&llaisia paperiteollisuushylsyja kaytetaan 

tyypillisesti auki/kiinnirullausnopeuksilla, jotka ovat 
vahintaSn n. 200 m/min (=3,3 m/s) . 

Jos ja kaytannon olosuhteissa kun painokoneen ratanopeutta 
30 ei rullanvaihtoa varten hidasteta ja kun paperirullan koko 
eli sen halkaisija pienenee paper irullaa aukirullattaessa, 
nousee pienentyvan rullan pyorimisnopeus varsin korkeaksi. 

Kehityksen suuntana on ollut siirtyminen yha leveampiin ja 
35 nopeampiin painokoneisiin . Kun siirrytaan leveisiin 

painokoneisiin ts. pitkiin hylsyihin ja nopeisiin ajoar- 
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voihin, saattaa rullanvaihtoon liittyvissa olosuhteissa 
loppurulla, ts. kartonkihylsy + sen paalle jatettavaksi 
tarkoitettu paper irata joutua ominaisvarahtelyalueelleen 
ja tarista aiheuttaen kalliin ratakatkon tai jopa rajahtaa 
5 kappaleiksi aiheuttaen aarimmaisen turvallisuusriskin. 

Tallainen tilanne syntyy tyypillisimmiliaan leveilla ja 
nopeilla syvapainokoneilla. Syvapainatus on erittain 
tehokas painatusmenetelma, missa painokoneet ovat leveita 

10 ja nopeita seka rullat suuria. Myos nopeimmilla ja 
leveimmilla luettelopainokoneilla saattaa syntya vastaa- 
vanlainen tilanne. TSmS johtuu osittain myos siita, etta 
luettelopainokoneiden yhteydessa paperirullan ripustuksen 
kiirinitysistukoista riippuvainen jaykkyysteki ja on yleensa 

15 hyvia syvapainokoneita heikompi. 

Syvapainokoneilla, joilla aukirullauksen stabiilisuuson- 
gelma on ajankohtainen, olosuhteet ovat tyypillisesti 
seuraavanlaiset • 

20 

Painokoneiden leveyden ollessa 2,45 m kaytetaan hylsyja, 
joiden sisahalkaisi ja on 76 mm. Erityistapauksissa , 
jolloin yleensa loppupaperin maaran on oltava suurempi, 
voidaan kayttSa enintaan 2,65 m leveita painokoneita 

25 yhdessa sisahalkaisi jaltaan 76 mm hylsyjen kanssa. Jos 
loppurulla nailla ajoparametreilla ajettaisiin lahelle 
normaalia minimi jaanndspaperimaaraa, jaisi varmuuskerroin 
varahtelyalueelle joutumisen suhteen aivan liian pieneksi. 
Jotta loppurullan turvallinen kasitteleminen voidaan 

3 0 varmistaa, joudutaan jSannospaperin maaraa kasvattamaan 
turvallisuussyista aiemmin kaytetysta minimistaan, n. 3 - 
8 mmrsta jopa 15 mm:iin. Tasta aiheuttuu luonnollisesti 
suuri taloudellinen tappio paperihavikin muodossa. 
Painatuksen ratanopeus on tSlloin n. 14 m/s. 



35 
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Hylsyn sisahalkaisi j an ollessa 150 ram painokoneleveydet 
ovat tavallisesti yli edella mainittujen lukujen (voidaan 
kuitenkin myos kayttaa sisahalkaisi jaltaan 150 mm:n hylsya 
edella mainituilla painokoneleveyksilla) . Painokonele- 
veydet ovat tyypillisesti 3,08 m, 3,18 m tai 3,28 iru 
Painatusnopeudet nailla koneilla ovat samat kuin edella on 
mainittu. 

Syvapainokoneiden uusin sukupolvi tulee taas olemaan 
entista leveampi ja nop e amp i, puhutaan leveys/ratanopeus- 
yhdistelmasta 3,68 m ja 16 m/s tai vaihtoehtoisesti le- 
veys/ratanopeus-yhdistelmastS 3,08 m tai 3,18 m ja 20 - 
25 m/s. Tallaisia uuden sukupolven syvapainokoneita ei 
vieia vuoden 1997 alkupuoleen mennessa ole valmistettu. 

Hylsyn sisahalkaisi ja on aiempien, suurempaa leveytta/no- 
peutta vaativien painokoneiden johdosta muutettu leveim- 
mille koneille 150 mmriin aukirullaiiksen varahtelyongelman 
ratkaisemiseksi. TamS ratkaisu on toiminut tahan asti 
hyvin. Nyt kuitenkin uusien suunnitteilla olevien koneiden 
ajoparametrien kahssa tullaan jalleen tormaamaan samaan 
ongelmaan kuin aiemmilla koneilla ennen sisahalkaisi jal- 
taan 150 mm:n hylsyihin siirtymista eli tullaan loppurul- 
lan ominaisvarahtelyn riskialueelle. 

TastS syysta hylsyn jaykkyytta on tavalla tai toisella 
saatava kasvatettua, jotta uudelta hylsyn sisamitan kas- 
vattamiselta vaityttaisiin. Hylsyn sisamitan kasvattaminen 
on koettu tuotantoket jussa hyvin vastenmieliseksi ratkai- 
suksi. 

Kuten jo aiemmin todettiin, kartonkinen kierrehylsy 
valmistetaan kelaamalla kapeita kartonkinauhoja spiraali- 
maisesti akselin ymparille. Kartonki, josta kelattavat 
nauhat leikataan, on valmistettu kartonkikoneella. 
Kartonkihylsyn pohja- ja pintanauhat valitaan yleisesti 
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(ei aina) muilla perusteilla kuin rakennenauhat, jolloin 
niiden lujuusarvot eivat useinkaan ole samat kuin muilla 
hylsyn nauhoilla. Naita muita, yleensa hylsyn ulkopintojen 
valiin jaavia nauhoja kutsutaan rakennenauhoiksi, silla 
niiden ominaisuudet ratkaisevat hylsyn lopullisen lujuus- 
laatuluokan ym. ominaisuudet. Niissa tapauksissa, joissa 
pinta- tai pohjanauhalla (ja niihin liittyvillS pin- 
nanalusnauhoilla) ei ole hylsyn loppukayton kannalta 
erityisvaatimuksia, voidaan koko hylsy konstruoida riaista 
edellamainituista rakennenauhoista • Yleisesti kartonki 
pyr i t aan va lmi st amaan lu j uusomina i suuks i 1 1 aan mahdo 1 1 i - 
simman homogeeniseksi. Puhutaan ns. neliomaisyydesta, 
jonka arvo pyritaan saamaan mahdollisimman lShelle sen 
teoreettista alaraja-arvoa, joka on 1. Neliomaisen 
kartongin pituussuuntainen (=koneensuuntainen) lujuus ja 
samalla sen kimmomoduuli on sain a kuin kartongin vastaavat 
poikittaiset arvot. Tunnetuilla kartonkikoneratkaisuilla 
kartongin pituussuunta on kuitenkin oleellisesti (tyypil- 
lisesti 1,6 - 2,1 kertaa, huonoimmassa tilanteessa jopa 
4,5 kertaa) lujempi kuin sen poikkisuunta. Tama patee myos 
kartongin kimmomoduuli in. Hylsyn jaykkyyden kannalta 
hylsyn akselin suuntainen jaykkyystekija on maaraava. 
Spiraalihylsyn rakenteesta johtuen kartongin konesuunnan 
jaykkyystekija (=suurempi) joutuu lahinna kehansuuntaan ja 
kartongin poikkisuunnan jaykkyystekija (=pienempi) joutuu 
lShinna hylsyn akselin suuntaan. 

Kartongin pituus/poikkisuhdetta optimoimalla ja kierrehyl- 
syn rakennetta (nauhakulmia) saatamalla tilanteeseen on 
mahdollista jonkin verran vaikuttaa. Kuitenkin tavanomai- 
silla kartonkikoneilla ja tavanomaisilla kierrehylsyko- 
neilla vaikutusmahdollisuudet ovat varsin rajalliset, 
eivatka riitM ongelmaa ratkaisemaan. 

KSy tety t syvSpa inohy lsy t j aetaan lu j uus vaat imus luokan 
mukaan yleisesti kahteen luokkaan: ns. alempaan lujuusvaa- 
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timusluokkaan ja parempaan lujuusvaatimusluokkaan. 
Tavanomaiset alemman lujuusvaatimusluokan syvapainohylsyn 
kimmomoduulit ovat tasolla 3.300 - 4.000 MPa ja paremman 



tehtyjen kaupallisten lajien tasolla 4.200 - 4.800 MPa. 
Erikoistoimilla paastaan marginaalisesti yli naiden 
arvojen. Syvapainokoneissa kaytettavat rullapainot ja 
painokoneleveydet maarSavat sen kumpaan lujuusvaa timus- 
luokkaan kuuliivia kartonkihylsyja kaytetSan. 

Hylsyn raaka-aineiden kimmomoduulitasot ovat riippuvia 
kaytetyn kartonkinauhan raaka-aineesta, valmistusmenetel- 
masta ja orientaatiosuhteesta (kartongin pituus/poikkisuh- 
teen lujuusparametrit) . Tyypillisen hyvan neliomaisyyden 
omaavan hylsykartongin kone- ja poikkisuuntien kimmomo- 
duulit ovat alemman lujuusvaatimusluokan syvapainohylsyma- 
teriaaleilla konesuunnassa n. 6000 MPa ja poikkisuunta n. 
3 000 MPa. Paremman lujuusvaatimusluokan mater iaaleilla 
- vastaavat luvut ovat konesuunnassa n. 6.500 - 7.500 MPa ja 
poikkisuunnassa n. 3.500 - 4.000 MPa. 

Esilla olevan keksinnon tarkoituksena on aikaansaada 
uudentyyppinen kayttoominaisuuksiltaan parannettu karton- 
kisen kierrehylsyn r akennenauha . EsillS olevan keksintomme 
tarkoituksena on myos aikaansaada ainakin yhden tallaisen 
rakennenauhan sisaltava, lujuusarvoiltaan parannettu, 
kartonkinen kierrehylsy. Koska keksinnon mukaiset karton- 
kihylsyn rakennenauhat ovat parempia kuin nykyisin 
tunnetut rakennenauhat, kannattaa niiden osuus hylsyn- 
seinaman paksuudesta ja sijainti hylsynseinamassa optimoi- 
da. Kuten aiemmin on todettu, kulkee yleensa kaytettyjen 
hylsyraaka-aineiden laatuluokka ja siten myos hylsyjen 
laatuluokka kasi kadessa niista maksettavan/ saatavan 
hinnan kanssa. 



lu j uus vaa t imus luokan , 



t a vanoma i s i s t a 



mater iaaleista 
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Esilla olevan keksintomme tarkoituksena on myos ratkaista 
edella esitettyihin, nykyisin kaytossS oleviin, kierrehyl- 
syihin liittyvia ongelmia ja siten aikaansaada sellainen 
kartonkinen kierrehylsy, joka tayttaa esim. uusien 
5 painokoneiden a joparametrien hylsyille asettamat lu- 
juusvaatimukset. Keksintomme mukaiset ratkaisut sopivat 
myos muihin erityisen suurta jaykkyytta vaativiin kaytto- 
kohteisiin. 

10 Tama tarkoitus saavutetaan oheisten patenttivaatimusten 
mukaisella ratkaisulla. 

Suorittamiemme kokeiden perusteella olemme havainneet, 
etta uuden sukupolven painokoneille saadaan riittavan 
15 lujia hylsyja ja olemassa oleville painokoneille saadaan 

aiempaa paremman lujuuden omaavia hylsyja, kun esilla 
olevan keksinnon mukaisesti kartonkisen kierrehylsyn 
rakennenauhan poikittaissuuntainen (CD) kimmomoduuli E on 
olennaisesti suurempi kuin 4500 MPa. Rakennenauhan 

2 0 konesuuntainen (MD) kimmomoduuli E on lisaksi edullisesti 

olennaisesti suurempi kuin 7500 MPa. 

NSita keksinnon mukaisia uudentyyppisiS kartonkihylsyja 
voidaan valmistaa kayttSmalla hylsyn valmistuksessa joko 
25 yksinomaan tai osittain keksinnon mukaisia rakennenauhoja, 
joihin kaytetty kartonki on valmistettu esim. ns. puris- 
tuskuivausmenetelmalla (ns. press drying) . 

Puristuskuivausmenetelmaan (press drying) perustuvaa 

3 0 kartonkia voidaan valmistaa esim. erastS tunnettua, ns. 

Condebelt-prosessia hyodyntavalla kartonkikoneella. Myos 
muilla sopivilla menetelmilla valmistettu ja, keksinnon 
mukaiset lu juusvaatimukset tayttavia , kartonkihylsyn 
rakennenauhoja voidaan kayttaS hyvSksi kartonkihylsyn 
3 5 konstruoinnissa . 
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Puristuskuivausmenetelmalla (press drying -menetelmalla) 
voidaan rakennenauhan kimmomoduuleita nostaa tehokkaan 
puristuskuivausprosessin ansiosta ja edelia mainituille 
tavanomaisen syvapainohylsyn alempaa lujuusvaatimustasoa 
vastaaville rakennenauhoille saadaan konesuunnan kimmomo- 
duuli nostettua ainakin tasolle n. 7500 - 10 000 MPa ja 
tavanomaisesti kaytetyilla kierrehylsyn nauhakulmilla, n. 
15 - 35°, niin tarkeSn rakennenauhan poikkisuunnan 
kimmomoduulin arvo nostettua tasolle n. 4500 - 5000 MPa. 
Esim. koetulos, jossa poikkisuunnan kimmomoduulille 
saatiin arvo 4800 MPa edustaa hyvaa tasoa tassa lujuusvaa- 
timusluokassa. Syvapainohylsyjen ns. ylempaa tai parempaa 
lujuustasoa vastaa myos keksinn5n mukaiset paremman 
lujuustason hylsyt. Keksinnon mukaisilla, puristuskuiva- 
tusta paremman laatuluokan puristuskuivausmateriaalista 
(esim. ns. Condebelt-menetelmalla) valmistetuilla raken- 
nenauhoilla konesuunnan kimmomoduulitaso saadaan nostettua 
tasolle n. 10 000 - 12 000 MPa ja poikkisuunnan kimmomo- 
duulitaso tasolle n. 5000 - 8.000 MPa. Esim. koetulokset, 
joissa on saavutettu 5500 MPa:n ja 6500 MPa:n kimmomoduu- 
litaso rakennenauhan poikkisuunnalle edustavat hyvaa tasoa 
tassa lujuusvaatimusluokassa. 

KeksinnSssa kuvatun uuden rakennenauhamateriaalin kaytto 
ratkaisee uuden sukupolven syvapainokoneiden yhteydessa 
kSytettavan hylsyn jaykkyysvaatimuksen ilman, etta hylsyn 
rakennetta muutoin kuin raaka-aineen osalta tarvitsee 
muuttaa . 

TallSin syvapainoteollisuuden nykyisin kayttaman alemman 
lujuusvaatimusluokan hylsyn kimmomoduulitaso saadaan 
keksinnon mukaisia ratkaisuja hySdyntamalla nostettua 
ainakin tasolle n. 5000 - 6000 MPa. Esim. koetulos, jossa 
on saavutettu 5500 MPa:n kimmomoduulitaso hylsylle edustaa 
hyvSa tasoa tassa lujuusvaatimusluokassa. Ylemman lujuus- 
vaatimusluokan hylsyjen kimmomoduulitaso voidaan puoles- 
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taan keksinnon mukaisia ratkaisuja hyodyntamalla nostaa 
ainakin tasolle n. 6000-6500-7000 MPa ja ylikin, joka on 
riittava uuden sukupolven syvapainokoneiden asettamille 
vaa t imuks i 1 le • 

5 

Keksinnon mukaisista kartonkinauhoista konstruoitu j en 
hylsyjen kimmomoduuliarvot riittSvat siten mainiosti 
tayttamaan edella mainittujen uusien syvapainokoneiden 
asettamat lu juusvaatimusluokitukset . 

10 

Keksinnon mukaisten kartonkihylsyjen kaytto ei ole 
rajoitettu vain esimerkkina mainittuihin uuden sukupolven 
syvapainokoneissa kaytettaviin kartonkihylsyihin. Niita 
voidaan kayttSa kaikkialla missa tarvitaan hylsylta 

15 tavanomaista suurempaa jSykkyyttS. Tallaisia erityisen 
jaykkia hylsyjS tarvitaan rullattaessa esim. mattoja, 
TMllaisiin ns. mattohylsyihin kohdistuu erityisen pitkaai- 
kaisia staattisia jSnnityksiS, koska hylsyn paalle 
rullattava matto ei tue hylsya, kuten esim. paper ia 

20 rullattaessa. Myoskin hylsyn sisahalkaisi ja voi olla 
tietenkin muu kuin edella mainitut 76 ja 150 mm, jotka 
ovat tyypillisiS halkaisi joita nykyisten syvapainokoneiden 
yhteydessa. 

25 Kayttamalla keksinnon mukaisia ratkaisuja syvapainohylsy- 
jen valmistaraisessa , voidaan sisahalkaisi jaltaan 76 mm 
hylsyjen kayttoaluetta laajentaa turvallisesti nykyista 
nopeampien ja nykyista leveampien syvapainokoneiden 
suuntaan. Keksintomme mukaiset ratkaisut tarjoavat siten 

3 0 vastauksia taysin uusien syvapainokoneiden tuottamille 

haasteille seka parantavat nykyisten kaytossa olevien 
syvapainokoneiden taloudellisuutta . 

Mainittuja press drying (esim. Condebelt) -materiaale ja 
35 voidaan myos kayttaa sekarakenteena tavanomaisten hylsy- 
kartonkien kanssa tilanteissa, joissa ei tarvita aivan 
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yhta suurta kimmomoduulia ja halutaan saastaa mater iaalia 
sen mahdollisen rajoitetun saatavuuden tai kustannusten 
taki^a. Talloin esim. lujuuden kannalta strategisissa 
paikoissa kSytetaan korkean kimmomoduulin omaavaa raken- 
5 nenauhaa ja muualla riittavan hyvia tavanomaisia, ts. 
tunnetun tekniikan mukaisia rakennenauhoja. 

Kartonkisen sekarakenteisen kierrehylsyn jaykkyytta 
voidaan parantaa konstruoimalla se siten, etta raken- 

10 nenauhoista ainakin yksi on keksinnon mukainen raken- 
nenauha, jonka poikittaissuuntainen kimmomoduuli on 
ainakin 4500 MPa* Erityisen edullisesti kaytetyn raken- 
nenauhan konesuuntainen kimmomoduuli on lisaksi ainakin 
7500 MPa. Edullisesti tallaisia keksinnon mukaisia 

15 rakennenauhoja on hylsynseinamSn vahvuudesta kuitenkin n. 

1/5 tai sita enemman. Muut mahdolliset rakennenauhat 
voivat olla tunnetun tekniikan mukaisia rakennenauhoja. 
Koska keksinnon mukaiset kartonkihylsyn rakennenauhat ovat 
parempia kuin nykyisin tunnetut rakennenauhat, kannattaa 

20 niiden osuus hylsynseinaman paksuudesta ja sijainti 
hylsynseinamassa optimoida. Kuten aiemmin on todettu, 
kulkee yleensS kSytettyjen hylsyraaka-aineiden laatuluokka 
ja siten myos valmiiden hylsyjen laatuluokka kasi kadessa 
niista maksettavan/saatavan hinnan kanssa, joten tallainen 

25 optimointi on taysin perusteltua niin hylsyn valmistajan 
kuin sita kayttSvan asiakkaankin kannalta. 

Keksinnon mukaista r akennenauhaa 9 siita valmistettua 
kartonkihylsya ja menetelmaa kartonkihylsyn jaykkyyden 
3 0 parantamiseksi havainnollistetaan yksityiskohtaisemmin 
viittaamalla oheisiin piirustuksiin* 

Kuviossa 1 on esitetty kayraston avulla kartonkinauhan 
nauhakulman a funktiona erilaisista kartonkinauhoista 
3 5 konstruoitujen kartonkihylsyjen kimmomoduulin arvoja, 
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Jcuviossa 2 on esitetty kayttamamme nauhakulman a maaritte- 
ly ja 

kuvipssa 3 on esitetty kahdella eri kartonkityypilla, eri 
nauhakulmilla a lasketut hylsyn sisahalkaisi jan kokoonpu- 
5 ristuvuudet. 

Oheisessa kuviossa 1 on esitetty kayraston avulla esimer- 
kinomaisesti kartonkinauhan nauhakulman a funktiona 
(average winding angle*) keksinnon mukaisia kartonkinauho- 

10 ja hyodyntamalla konstruoitujen paper i-, muovi- ja 

t eks t i i 1 i teo Hi suudes sa kSy t ett avien hy lsy j en, es im . 
syvapainokonehylsy j en kimmomoduulin arvo j a verrattuna 
vastaaviin tunnettuihin tavanomaisiin, paremman lujuusvaa- 
timusluokan hylsyjen kimmomoduulin arvoihin, Kuten jo 

15 aiemmin todettiin, tavanomaisesti kaytetyilla kierrehylsyn 

nauhakulmilla, n. 15-35° on rakennenauhan poikkisuunnan 
kimmomoduulin arvolla erittain olennainen vaikutus valmiin 
kierrehylsyn kokonaiskimmomoduuliin . Kartonkinauhan 
nauhakulman a (average winding angle) maaritelma taman 

20 keksinnon yhteydessa on esitetty kuviossa 2. Nauhakulmalla 
a (average winding angle) tarkoitetaan kartonkihylsyn 
akselin suuntaan nahden poikittaisen suunnan ja karton- 
kinauhan reunan valista teravaa kulmaa a, Kuviossa 1 on 
esitetty kolmipistekatkoviivalla erasta tyypillista 

25 tunnetun tekniikan mukaista alemman lujuusvaatimusluokan 
syvapainokonehylsy a. Tasaisella katkoviivalla on puoles- 
taan esitetty erasta tunnetun tekniikan mukaista tyypil- 
lista ylemman lujuusvaatimusluokan syvapainokonehylsya . 
Tassa hylsyssa hylsymateriaalina kaytetty kartonki on 

3 0 ollut orientaatiosuhteeltaan mahdollisimman neliomaista, 

ts, orientaatiosuhde on ollut lukuarvoltaan pieni. 
Pistekatkoviivalla on esitetty erasta keksinnon mukaisista 
rakennenauhoista konstruoitua syvapainokonehylsya ja 
eh j alia viivalla toista keksinnon mukaisista raken- 

3 5 nenauhoista konstruoitua syvapainokonehylsya. 
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Kelattaessa ohuita muovikalvoja tai lankoja kartonkisen 
kierrehylsyn paalle aiheuttaa kelattava materiaali hylsyyn 
radiaalisen puristus jannityksen, joka puristus kohdistuu 
hylsyn sisahalkaisi jaan ja aikaansaa siina muodonmuutok- 
5 sen, ts. pienentaa hylsyn sisahalkaisi jaa. Tasta aiheutuu 
kSytannon kelaustilanteissa tietyntyyppisilla kelausistu- 
koilla ongelmia, kun hylsy pyrkii tarttumaan kiinni 
kelausistukkaan • 

10 Kelattaessa lankoja kartonkisen kierrehylsyn, ts. lanka- 
hylsyn paalle, saattaa kaytSnnossS kelausymparisto olla 
lisaksi viela kostea. Tama seikka lisaa edelleen taipumus- 
ta hylsyn sisamittojen muuttumiselle ja hylsyn kiinnitart- 
tumiselle kelausakseliin. 

15 

Olemme havainneet, etta kayttamalla keksinnon mukaisia 
rakennenauhoja tallaisten hylsyjen konstruoinnissa, 
voidaan hylsyn sisahalkaisi jan kokoonpuristumistaipumusta 
alentaa merkittavasti , kuten oheisesta kuviosta 3 voidaan 
20 havaita* 

Kuviossa 3 on esitetty kahdella eri kartonkityypilla, eri 
nauhakulmilla a (average winding angle) lasketut hylsyn 
sisahalkaisi jan kokoonpuristuvuudet • Ympyralla merkityn 

2 5 nykyisin yleisesti kaytetyn kartongin orientaatiosuhde on 

tSssa kokeessa ollut n. 1.6. TSlloin konesuunnan (MD) 
kimmomoduuli on ollut n. 7000 MPa ja poikkisuunnan (CD) 
kimmomoduuli on ollut n. 3000 MPa. Kolmiolla merkityn ns. 
puristuskuivausmenetelmalla valmistetun (esim. ns. 

3 0 Condebelt-kartonki) orientaatiosuhde on tassa kokeessa 

ollut n. 1.8. TSlloin konesuunnan (MD) kimmomoduuli on 
ollut n. 11000 MPa ja poikkisuunnan (CD) kimmomoduuli on 
ollut n. 6000 MPa. 
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PAT ENT T I V AAT I MUK S ET 

1. Kartonkihylsyn rakennenauha, tunnettu siita, etta 
rakennenauhan poikittaissuuntainen (CD) kimmomoduuli E on 
olennaisesti suurempi kuin 4500 MPa. 

2. Patenttivaatimuksen 1 mukainen rakennenauha , tunnettu 
siita, etta rakennenauhan poikittaissuuntainen (CD) 
kimmomoduuli E on suurempi kuin 4800 MPa ja edullisesti 
suurempi kuin 5000 MPa. 

3. Patenttivaatimuksen 1 mukainen rakennenauha, tunnettu 
siita, etta rakennenauhan poikittaissuuntainen (CD) 
kimmomoduuli E on suurempi kuin 5500 MPa ja edullisesti 
suurempi kuin 6000 MPa ja erityisen edullisesti yli 6500 
MPa* 

4. Jonkin edellisen patenttivaatimuksen 1-3 mukainen 
rakennenauha, tunnettu siita, etta rakennenauhan konesuun- 
tainen (MD) kimmomoduuli E on lisSksi olennaisesti 
suurempi kuin 7500 MPa. 

5. Jonkin edellisen patenttivaatimuksen 1-3 mukainen 
rakennenauha, tunnettu siita, etta rakennenauhan konesuun- 
tainen (MD) kimmomoduuli E on lisaksi olennaisesti 
suurempi kuin 8000 MPa. 

6. Jonkin patenttivaatimuksen 1-5 mukainen kartonki- 
hylsyn rakennenauha, tunnettu siita, etta rakennenauha on 
valmistettu joliakin ns . puristuskuivausmenetelmalla 
(press drying) . 

7 . Jonkin edellisen patenttivaatimuksen mukaisen 
rakennenauhan sisaltava kartonkihylsy , jonka kartonkihyl- 
syn kimmomoduuli E on ainakin 5000 MPa ja edullisesti yli 
5500 MPa ja erityisen edullisesti yli 6000 MPa. 
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8. Kartonkinen kierrehylsy, tunnettu siita, etta 
kartonkihylsy koostuu rakennenauhoista, joista ainakin 
yhden rakennenauhan poikkisuuntainen (CD) kimmomoduuli on 
ainakin 4500 MPa ja edullisesti yli 5000 MPa ja kone- 

5 suuntainen (MD) kimmomoduuli on ainakin 7500 MPa ja 
edullisesti yli 8000 MPa. 

9 . Patenttivaatimuksen 8 mukainen kartonkinen kierrehyl- 
sy, tunnettu siita, etta kartonkihylsy koostuu raken- 

10 nenauhoista, joiden kokonaispaksuus hylsyn seinamanvahvuu- 
desta on edullisesti ainakin 1/5 ja joiden poikkisuuntai- 
nen (CD) kimmomoduuli on ainakin 4500 MPa ja edullisesti 
yli 5000 MPa ja konesuuntainen (MD) kimmomoduuli on 
ainakin 7800 MPa ja edullisesti yli 8000 MPa. 

15 

10. Menetelma kartonkisen kierrehylsyn jaykkyyden paran- 
tamiseksi, tunnettu siita, etta kartonkihylsy konstruoi- 
daan rakennenauhoista, joista ainakin yhden rakennenauhan 
poikkisuuntainen (CD) kimmomoduuli on ainakin 4500 MPa ja 

20 edullisesti yli 5000 MPa ja konesuuntainen (MD) kimmomo- 
duuli on ainakin 7800 MPa ja edullisesti yli 8000 MPa. 

11. Patenttivaatimuksen 10 mukainen menetelma kartonkisen 
kierrehylsyn jaykkyyden parantamiseksi, tunnettu siita, 

25 etta kartonkihylsy konstruoidaan rakennenauhoista, joiden 
kokonaispaksuus hylsyn seinamanvahvuudesta on edullisesti 
ainakin 1/5 ja joiden poikkisuuntainen (CD) kimmomoduuli 
on ainakin 4500 MPa ja edullisesti yli 5000 MPa ja kone- 
suuntainen (MD) kimmomoduuli on ainakin 7800 MPa ja 

30 edullisesti yli 8000 MPa. 

12. Jonkin edellamainitun patenttivaatimuksen 7-9 
mukainen kartonkihylsy, tunnettu siita, etta kartonkihylsy 
konstruoidaan rakennenauhoista, joiden konesuunnan (MD) 

3 5 kimmomoduuli on ainakin 9000 MPa. 
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13. Jonkin patenttivaatimuksen 7-9 mukaisen kartonki- 
hylsyn kaytto lankahy lsyna. 

14 . Patenttivaatimuksen 12 mukaisen kartonkihylsyn kaytto 
lankahy lsyna . 

15. Jonkin patenttivaatimuksen 7-9 mukaisen kartonki- 
hylsyn kaytto ohuiden muovikalvojen kelaushy lsyna. 

16 . Patenttivaatimuksen 12 mukaisen kartonkihylsyn kSytto 
ohuiden muovikalvojen kelaushy lsyna. 

17. Patenttivaatimuksen 7-9 tai 12 mukaisen kartonki- 
hylsyn kaytto paper iteollisuushy lsyna , joka on pak- 
suseinamainen, seinamanvahvuus H on 10 mm tai yli ja sisa- 
halkaisija yli 70 mm, joita hylsyja kaytetaan auki- 
/kiinnirullausnopeuksilla, jotka ovat vahintaan n. 200 
m/min (=3,3 m/s ) . 

18. Patenttivaatimuksen 7-9 tai 12 mukainen hylsy, 
tunnettu siita, etta kartonkihylsy on paperiteollisuushyl- 
sy, joka on paksuseinamainen, seinamanvahvuus H on 10 mm 
tai yli ja sisShalkaisija yli 70 mm, joita hylsyja 
kaytetaan auki/kiinnirullausnopeuksilla, jotka ovat 
vahintaan n. 200 m/min (= 3,3 m/s ) ja jonka kartonkihyl- 
syn seinaman keskelia olevan kartonkinauhan nauiianleveys 
on 

kartonkihylsyn sisahalkaisi jan ollessa 

- alueella 73 mm - 110 mm, 

ainakin 185 mm, edullisesti yli 210 mm ja erittain edulli- 
sesti yli 230 mm ja 

- alueella 111 mm - 144 mm, 

ainakin 205 mm, edullisesti yli 210 mm ja erittain edulli- 
sesti yli 230 mm ja 

kartonkihylsyn sisahalkaisi jan ollessa 
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- alueella 145 mm - 180 mm, 

ainakin 210 mm, edullisesti yli 250 mm ja erittain edulli- 
sesti valilla 350 mm - 450 mm, 

- alueella 181 mm - 310 mm, 

5 ainakin 220 mm, edullisesti yli 250 mm ja erittain edulli- 
sesti valilla 350 mm — 500 mm, mutta 



10 



enintaan kunkin halkaisijaltaan tietyn mittaisen hylsyn 
maksimi nauhanleveyden , jossa = ( tt ) x (hylsyn 

halkaisija ko. kohdassa) . 
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TIIVISTELMA 



Esilla olevan keksintb kohdistuu kartpnki- 
sen kierrehylsyn rakennenauhaan, jonka 
poikittaissuuntainen (CD) kimmomoduuli E 
on olennaisesti suurempi kuin 4500 MPa. 
Rakennenauhan konesuuntainen (MD) kimmomo- 
duuli E on lisaksi olennaisssti suurempi 
kuin 7500 MPa (N/mm 2 ) . Tallaisen rakenne- 
nauhan sisaltavS kierrehylsy on myos kek- 
sinnon kohteena. EsillS oleva keksinto 
kohdistuu lisSksi menetelmaan kartonkisen 
kierrehylsyn jaykkyyden parantamiseksi . 
Naita keksinnon mukaisia kartonkihylsyja 
voidaan valmistaa kayttamalla hylsyn val- 
mistuksessa joko yksinomaan tai osittain 
keksinnon mukaisia rakennenauhoja, joihin 
kaytetty kartonki on valmistettu esim. ns. 
puristuskuivausmenetelmalla (ns. press 
drying) . Puristuskuivausmenetelmaan perus- 
tuvaa kartonkia voidaan valmistaa esim. 
erasta tunnettua, ns. Condebelt-prosessia 
hySdyntavSlia kartonkikoneella. Tallaisten 
hylsyjen kaytto lankahylsyna ja ohuiden 
muovikalvojen kelaushylsyna on myos kek- 
sinnSn kohteena. 



Fig l. 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/FI98/00061 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.): 

Description, pages: 

1-14 as received on 29/01/1999 with letter of 29/01/1999 

Claims, No.: 

1-17 as received on 29/01/1999 with letter of 29/01/1999 

Drawings, sheets: 

1/3-3/3 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 



1. Statement 



Novelty (N) 



Yes: 
No: 



Claims 
Claims 



1 



17 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



1 



17 



Industrial applicability (I A) Yes: Claims 1-17 

No: Claims 

2. Citations and explanations 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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To section V 

1 . The following documents have been considered for the purposes of this report: 
D1 ... US-A-5 505 395 

D2 ... Dennis Gunderson "an overview of press-drying, impulse-drying, and 
Condebelt-drying concepts" in Paperi ja Puu - Paper and Timber Vol. 74 No. 
5/1992, page 412 ff. 

2. The application does not meet the requirements of Article 6 PCT because the 
claims are not clear as indicated in section VIII. 

3. Furthermore, insofar as the present text can be understood, the subject-matter of 
claims 1, 7, 9 and 12-16 does not involve an inventive step, and therefore does 
not satisfy the criterion set forth in Article 33(3) PCT. 

4.1 The problem underlying the present application (page 7, lines 20 - 32) is, as far as 
the provision of a structural ply is concerned, to be solved by the structural ply 
according to claim 1 , that is by the definition of two material properties, namely the 
elasticity modulus in the machine direction and the cross machine direction and by 
indicating that the structural ply is manufactured with a press drying method. 

4.2 A structural ply having the material properties stated in claim 1 is obvious in view 
of D1 (cf. e.g. claim 1; column 10: table 1) which discloses - in comparison with 
the subject-matter of claim 1 - a similar kind of structural ply having a higher 
elasticity modulus in the machine direction (10900 MPa) and a lower one (3660 
MPa versus 4500 MPa) in the cross machine direction. 

According to D1 it is - as it is the case for the present application - an object to 
provide a structural ply with improved stiffness properties (column 1, lines 13 - 15; 
51 - 55). According to the prior art mentioned in D1 the strength of plies can be 
increased by "compressing the paperboard during manufacture" (column 1, lines 
62 - column 2, line 4). Consequently according to the teaching of D1 stronger, 
higher density structural plies are to be used in the formation of a core (column 3, 
lines 51 - 55). 
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According to D2, which has been filed by the applicant, utilising a press drying 
method in the manufacturing of a structural ply of the kind concerned leads - in 
comparison to conventional wet pressing and ring drying - to a significant increase 
in tensile strength as a function of density (page 413, first paragraph of the middle 
column). 

Thus it comes within regular design practice to apply, in case the modulus of 
elasticity of a structural ply according to D1 is to be further increased in the cross 
machine direction, the press drying method defined in claim 1, since from D2 it is 
known that application of such a method leads to a significant improvement in 
strength. 

The combination of features of claim 1 thus cannot be considered as involving an 
inventive step in view of D1 and the general technical knowledge as documented 
by D2. The subject-matter of claim 1 thus does not satisfy the requirement of 
Article 33 (3) PCT. 

4.3 For corresponding reasons the material properties defined by the additional 
features of claims 2 - 4 and the further definition of the manufacturing method 
according to claim 5 (cf. D2, e.g. page 415, left column: use of Condebelt process) 
cannot be considered as leading to subject-matter satisfying the requirement of 
Article 33 (3) PCT. 

4.4 For corresponding reasons and since according to D1 the overall strength of 
paperboard cores can be improved by employing stronger structural plies (column 
1 , lines 62 - 65) the cores according to claims 6-8, 11, 17, the methods 
according to claims 9, 10 and the uses of a core according to claims 12-16 
cannot be considered as satisfying the requirement of Article 33 (3) PCT. 

Thereby the features of claims 16, 17 relating to dimensions and the features of 
claims 8, 10 relating to relative dimensions have been considered as coming, 
depending on circumstances, within regular design practice since the particular 
values given do not appear to go beyond known corresponding values (cf. D1 , 
column 5, line 66 - column 6, line 15 for a core used as yarn carrier) in an 
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inventive manner and since the impact of dimensions on the strength of a core is 
generally known (cf. e.g. D1, column 1, lines 62 - 65). 

To section VIII 

1.1 Claim 1 is not clear (Article 6 PCT) since with this claim it is attempted to define a 
product: a structural ply of a paperboard core 

a) defining two material properties (minimum values for the elasticity modulus in 
machine direction and cross machine direction) and 

b) indicating a method (press drying method) used for manufacturing the 
structural ply. 

These parameters cannot clearly define the structure of a structural ply of a 
paperboard core, since neither the material properties (such as raw material, 
bonding agent if any, density of structural ply etc.; cf. e.g. page 6, lines 17 - 22) 
nor the conditions under which the press drying method has to be performed (e.g. 
pressure, temperature, pressing time) are defined to a sufficient extent. 

1 .2 The additional features of claims 2 - 5 likewise fail to define the parameters 
necessary to clearly define a structural ply of a paperboard core. 

1 .3 For corresponding reasons claims 6 - 8, 1 1 and 17 concerning a paperboard core, 
claims 9-11 relating to a method of improving the stiffness of a spirally wound 
paperboard core and claims 12-16 concerning the use of a paperboard core are 
unclear. . 

1.4 Claims 8 and 10 are unclear since it is indicated that the total thickness of the 
structural plies is at least 1/5 of the core wall thickness, thereby leaving it 
completely undefined how the remainder of the core wall thickness is formed. 

1.5 The expression "Condebelt" referred to in claim 5 appears to relate to a trademark 
or tradename and thus does not define a process by technical features (Article 6 
PCT). 
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